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(600 µl) at a flow rate of 600 µL/min with a peristaltic pump. Once the signal stabilize, i.e. after ca. 5 min, an aqueous solution of 150 mM NaNO 3 was injected in the cell to rinse it (600 µl at 600 µl/min) during 2 min. The aqueous polyanion solution (PSS at 1 mg/ml in 150 mM NaNO 3 ) was then injected in the cell (600 µL at 600 µl/min) with the peristaltic pump. Once the signal stabilize, i.e. after ca. 5 min, an aqueous solution of NaNO 3 was injected in the cell to rinse it (600 µl at 600 µl/min) during 2 min. An aqueous solution of 150 mM NaNO 3 containing PAHc (1 mg/ml) and hydroquinone (60 mM) at pH = 5 was then injected in the electrochemical cell (600 µl at 600 µL/min). Once the signal stabilized, a flow rate of 50 µl/min was established. A galvanostatic current ranging from 50 to 100 µA was then applied to trigger the hydroquinone oxidation and start the polyampholyte film buildup. After a construction time of 1 h, an aqueous solution of 60 mM Hydroquinone in 150 mM NaNO 3 was injected in the cell (600 µL at 600 µl/min) while the electrochemical stimulus was still applied in order to maintain the low pH in the vicinity of the electrode. Once the signal stabilizes, i.e. ca. 5-10 min, air was injected in the electrochemical cell while the fixed current was still applied. The absence of reactive species in the cell leads to an increase of the tension from 0.3-0.4 V (oxidation potential of hydroquinone) to 0.7 V, the defined value at which the potentiostat stops. The gold working electrode was then un-mounted from the EC-QCM and dried with a flow of dry air for 5 min and the samples were stored in dry state.
Atomic Force Microscopy
Polyampholyte based films were built on the QCM quartz crystal inside the EC-QCM apparatus. AFM images were obtained in contact mode in dry or liquid state with the Nanoscope IV from Veeco (Santa Barbara, CA). Cantilevers with a spring constant of 0.03 N/m and silicon nitride tip (model MSCTAUHW, Veeco) were used. We always performed several scans over a given surface area. These scans had to produce comparable images to ascertain that there is no sample damage induced by the tip. Deflection and height images (10 μm × 10 μm) were scanned at a fixed scan rate (2 Hz) with a resolution of 512 × 512 pixels.
X-ray photoelectron spectroscopy
The chemical composition of polyampholyte based films was determined by using X-ray photoelectron spectroscopy (XPS). This analysis was performed with a Thermo VG Scientific spectrometer, equipped with an Al K α X-ray source (1486.6 eV). It operated at 225 W under ultrahigh vacuum (pressure lower than 5.0×10 -8 mbar). The incident angle and the source to analyzer angle were set to 45° and 90°, respectively. The probing depth of the technique is estimated to range from 5 to 8 nm. The survey scans were collected from 0 to 1100 eV with pass energy of 50 eV and the high resolution scans were performed with the pass energy adjusted to 20 eV. The spectra were recorded by using Avantage V.2.26 software and analyzed with CasaXPS 2.3.16 software. For calibration purposes, the carbon C 1s electron bond energy corresponding to aliphatic carbon was referenced to 285.0 eV. Raw areas determined after background subtraction were corrected according to Scofield sensitivity factors (C 1s : 1.00; N 1S : 1.80; S 2p : 1.68). The curve fitting was performed using a convolution of Gaussian and Lorentzian line shapes with a typical ratio of 70:30. This peak-fitting procedure was repeated until an acceptable fit was obtained with consideration of peak position, full width at half-maximum. 
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Section 2: XPS analysis
The binding energies and area percentages of nitrogen included-functionalities are gathered in the following table. The polyampholyte film was built from PAHc (1 mg/mL) solution in the presence of 60 mM of hydroquinone by the application of 100 µA for 30, 45 and 60 min. Area measurements corresponding to amino (NH 2 ), ammonium (NH 3 + ) and citraconamide groups (NHCO) are reported for the three films. Experimental set-up is given above in the Material and Methods section of this ESI. Polyampholyte based films were obtained using PAHc solution (1 mg/mL) in the presence of 60 mM of hydroquinone at an applied current of 100 µA for 1 h on a PEI-PSS precoated substrate using the procedure described in Material and methods section in this ESI. At the end of the film buildup, the polyampholyte-coated QCM crystal was placed in an oven at 150°C for 12h. The so-crosslinked film was imaged by AFM in dry condition before immersion in MilliQ water and after contact with 5 mL of MilliQ water for 2h. The sample was then hydrated again in the same conditions in MilliQ water and imaged by AFM in liquid state for the third time. 
